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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a battery having a long 
service life under high temperature, capable of responding to 
fluctuation in power supply or load, and quickly receiving and 
feeding the power, by using a material including specific 
amorphous carbon for a negative material, using specific spinel 
type crystal structure for a positive electrode, and forming it of 
a specific composite oxide including Li and Mn. 
SOLUTION: This lithium secondary battery is so formed that an 
active material of a negative material includes amorphous 
carbon, its negative electrode density is larger than 0.95 g/cm3 
and smaller than 1.5 g/cm3, an active material of the positive 
electrode has the half width of 2 6 angle of the (400) peak of X- 
ray diffraction pattern smaller than 02° , the positive electrode 
includes composite oxide including Li and Mn having a spinel 
type crystal structure, Li/Mn atom ratio of the composite oxide 
is larger than 0.55 and smaller than 0.8, the lattice constant in 
the spinel type crystal structure is larger than 8.031 &angst; and 
smaller than 8.23 &angst; f the specific surface of secondary 
particles of the composite oxide is larger 0.1 m2/g and smaller 
than 1 .5 m2/g, and the mean grain size of the primary particles 
of the composite oxide is larger than 1 //m and smaller than 20 
U m. 
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t>&mt3 0 0- 1 8 0 OW/k gCOSgBK&O, ttS^3 
^g«5 0 0-3 5 0 OW/kgcOigBK&ofc. 

[0 0 6 4] sfcv £©«?fc©9 6^m.n\zmf^.Ltz 

mm.ti><DM<&. M&Ufi- 1 0t~5 0X;©$gB> Sc«gg 
3 0 — 8 0 % ©ilT, xti^mt 2 0 0—1 3 0 
OW/kgCilM!), U*fItt3 6 0-2 5 2 0 
W/k gCD^BfC&ofco 

[0 0 6 5] ms* 6 ] mmm 1 lt*» 

5*Kt bTA«**©**£fHlfii;&. 

[0066] h 6 fc*«sflEK#r A 

«fctt£»£:©W«£7K-r,> BUQJtKff&ftO. 9 5 
g/cm , iDI>^< 1. 5 g/c.m' J:0fe/h*^tt 

[0 0 6 7] SSKl. ¥*ffit-43UT, jas^-icc 
~5 0t:©$gffi. ftf|ffift4t3 0-8 0%cD3@ffl-e, A 
*j^g«3 0 0- 1 8 0 OW/k g©«EHfc&9, liitl 
&mt5 0 0-3 5 0 0 W/k g©^ffl!C$)ofc, 

[0 0 6 8] Sfc, HO*»©9 6**ttWfc»lttbfc 
iffiSte©«-&, SSEd*- 1 0"C— 5 0"C©$gB v 
S* s 3 0-8 0 36©fBfflT, AMKi2 0 0~13 0 
OW/k g©3gBtC&0. ffl^aH3 6 0~2 5 2 0 
W/k gOTUffltC&^fco 

[0 0 6 9] 7] ^fgBJwiStt^©-^* 

^U^ASrL i /Mn'Jt**0..6 2 <ift£J;5tcBE 
Lfc^»C8 2 5TCT*3 0 R#ffl©&f££fTft^ fc. 

g£ ■l'c/^-tLaassTj'&aii/fc. 

[0 0 7 0] £©J:3lCbT»&tt*:jE^*4©*&*X 
SSHifT^C u k aiBS&^TiiiljeL&tZlSgte©^: 
^Xtf^;i'M©^^3fi"efe^C«hS:?l^bfc. £©fc? 
©ftfllita8;2 1lA-C»l5. (4 0 0) fcf— *© 

0.09 sn?$> t> fe» £ <=> fc^— 3 . 

1 (imt. -^^©tt«ffi»«0. 3 2m ! /gT*^> 

[0 0 7 1] Sit.- ft*fctt#SK«*S4M!U 

$1.05g/cm't bfc. USS^J 1 t UTfffl 
«Biaa^6 0'C©»&©1M 47 JUSttSff 

[0 0 7 2] *SJg^Jm?&A«l 0 0 OV-fPfrELkV 

i ot;~5 ot:©seB, '*sasft#3 o~8 o% 

©ffifflT, A^Kte 300-1800 W/ k g ©$SB 
{C&D, ttJ^jSS«5 0 0-3 5 0 0W/kg©$EBtC 
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[0073] n©m?&<z>9 Gttmm\z.&m.i<rz ■ 

ffltffiCDi^. umw- 1 0t~5 CCOSSB. 4Sc«gg 
g*i3 0~8 0%O?6iT-. AMSI±2 0 0~13 0 
OW/k gWSSBfC&rK tb^j^S«3 6 0~2 5 2 0 
W/k g©^ffltc$>ofc. 

[0 0 7 4] (Jtlfctfy 1 ] JEW 4: l*TttM=9t1t v > 
tf^^gMJ^A^L i /MnJ£#*0. 6 2 £&3J; 
5tCgE"£-b7 5 O"CT?5IS|ll!©ttJ0E«fffco&. 

Sftifc^K0#H t ^tt8. 2 2AT*0, #3filH© 

ft^jt^cieHrtcifeacit^^o^. b#>b. (4 

0 0) 0. 4 

tt0.6ftm, -^S^C0it«M«« 2. 2mV gT, 

[0 0 7 5] fta*fl[**«?8o«f3e«eHrto 1-05 

raa©®g^6 ottbTiM^^tessflffibfc. 0 
7 .tD^it^Jttjt&Btt, 1 0 o-tM ^;uasi©iM ^ 
bM# <=> n&v> c t dt^o fc. 

[0 0 7 6] £<b£. *«?fc!C:fc^T. Sffi^s- lOt 
~5 0t©m 3 0~8 0X01607?. A 

*3&g« 150~1300 W/ k g 0 . tti^J 

®mt4 0 0~2 8 0 0 W/k g<D3effiT$>D, A2j4# 

[0 0 7 7] dO«ffl©9 6**ifi5>J{-Slfitbfc 

afl»*-i ot~5 o'coieB. *fe«^ 

gf # 3 0 ~ 8 0 % ©$@BT. X^7SfS« 9 0 ~ 7 8 0 W 
/kg©®B-C&0. ttl^fI»2 4 0~1 6 8 0W/ 
kg©$EBT&i3. A*Wttt>a*»tt"b*.*Ci:* t » 

[0 0 7 8] CJ£>R0!l 2 ) jm^t bTtt^Zl@?{t:-7 > 

?"^A£L i /Mntb^O. 6 5 
^{cE-^tfc, ^tlS:6 3 5tTl 5ftmfi%J$L. W 
*zI£-b£:gHC8 5 5°C-?3 O^fWWj^Sff^ofc. 

JWMfiflEttl'C/fl'T?**. £©»*. ffi$)St©*& 
?jaii8.19 0AT*D, (4 0 0) tf-^Cff 
fittO. 0 8 SET. £ 6 1 5 Mm. n 
^^©Jt^ffiStt 0 . 1 2 m'/gT&S * 

[0 0 7 9] — ftgCHLTIi, 0. 9 2 g 

LT*»fc#«bfllH*flEa*6 0"C©«-&©1M^,>M# 
14£fPffibfc» H7 ±o*Jt'ttfl*»ctt5 o-iM*;!' 

[0 0.8 0] 2?>\z, %.nmz&^T. m&ofi-iQ'c 

~5 OtJOteH. ft*jS8***3 0~8 0%©$SBT, A 
•?j?g£H:l 5 0~ 1 3 0 OW/k g©3gBT<&0, tti2j 
&Kte4 0 0~2 8 0 OW/k g©3SB7:&9. A?J*I# 

[0 0 8 1] dCD«f&0 9 6*$ityijirS^bfc 
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mmmom^ 1 o-c~5 ot©$gB. 

Si!)i3 0~8 0%CDilfflt, AMIB9 0~7 8 0W 
/k g©3£BTf£D. (tlMIIi2 4 0~1 6 8 0W/ 
kg©$6B7r&9, *Jj«rttt>fflaWtt , b#*. 

[0082] ut*Hw 3 i Bftt hxmm-m^y 

^>tKt'JffA4L i/MnJt^0. 5 1 ££££ 
-3lCjB#b9 0 0*CT5«MBOS&«Sffftofc. 
#»jSSgtel^/#T&3. £©»©*H t J0fcM:8. 2 
3 7 Ai*56MO*H^T*-3fc*«. (4 0 0)tf-£ 
10 ©¥&IBtt0. 0 8ft. tfctftftttl 0 Mm. ~^ 

«rP©I£^®?«« 0 . 1 5m ! /g<i:*%BJO^fflrt-efe 

[0 0 8 3] ftIWl.0 5g/cm'it 

it. nmm 1 fcH«fcbT*ii&*flsttbHo©ifi£a«6 
oic©»&o!)-y-ri'jn«rttfeffHffibfc. m7<D*itmi 
WfiDtti 5 ou--Y^;usflEoiJ-'f ^JH**b3W»sn 

[0 0 8 4] 2<?>tC. HMl»te*lr»T. fiflW«- lOt 
~5 OtWlgB. jMHRflEj&*3 0~8 OXOtSHT?. A 

20 ^j^Sttl 5 0~ 1 3 0 OW/k gCDlgHTSO. tB^7 
SBStt4 0 0~2 8 0 OW/k gCD3@B-e£D, ATjift 

[0 0 8 5] S-fc. C©«»©9 6**lSJ9lcS8ttbfc 

*&*»©»&. a***- iot~5 o-c©3sb. »c«^ 

gi!it3 0~8 0%OilT, AMStt9 0~7 8 0W 
/kg©^BT**0. tH*«flEf42 4 0~1 6 8 0W/ 

[0086] citt&tfy 4] mnthxm.m-m\:^> 

tf^&ffi'J^ASL i /Mnit^O. 6 2 t^-Sct 
30 ^){cSE-&b8 5 OtT 5mm<om0Z ! S:ffUr3ft. 

J'&aiauKtt.l'C/iJ'Tr**. HOfirO«HP^«ca8. 2 
2AT&9, (4 0 0) t!-^©^»I«0. 1&~C$> 
■otz. S^l:^- ^Stt2 Atm-C^BjO^Brt!- 
b^b. Z^fcS^OJt3iB«ttl. 8m ! /g^ 

[0 0 8 7] AlS^gtel. 0 5 g/cm'TSS. HS£ 

^iji tnfitfcLT^jfts^BLHHojaflB^e ot©^ 
a. 5 o o-y-^r i^ugfto-tM' i7;v#^b^#^n^:vi 

40 

[0 0 8 8] *«JtfelC*5ViT. jaflESt-lO'C 

~5 0t©3ffl, ftt«SiJ<3 0~8 0SSOltnf, A 

jj&Mtel 5 0~ 1 3 0 0W/kg©fflT3bD. W^J 
gfitt4 0 0~2 8 0 OW/k gOtlTfeD. A*J# 

[0 0 8 9] Sfc. d©*?&©9 e^^H^JlcgEttbfe 
ffltt*©*^. aai3&*- 1 0"C~5 0'CO^H, SC«^ 
S/ifi 3 0 ~ 8 0 %©$6BT. A^S« 9 0 ~ 7 8 0 W 
/kg©«liT-S0, tb^att2 4 0~1 6 8 0W/ 
50 kg©$EBTc&D. A^tefctti^tefc^o 
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[0090] mmm 8] ■E.m\z*?m<D^mm 
wzhm&mz i o o %x\ l i ©*a • nmosiT&m* 

[0 0 9 1] H8K#*f!©U3 t #A2;*:*jl!l©aMHff 

* 1 ^LTtg2 £IES3£«BU 
ill, SUS«<0«fite4K:lfXbfc. 
[0 0 9 2].ft«2l*fl«'J-F«2 a^LTMffi 

!6We5*^LT«ftft4F«i*«*K:UT^*. 

SgT6 5r, Sfc, £jgtf££ttfll©*ttte4©j£ffittA 

[0 0 9 3] H9©«KKHHC:a?rJ:'3K:. AS2te 
**#:2BIC*-j|?>B2C*»WT^*. jES3ttA 

|ft3B IC*ffl3fflL itMn Sr$if1t-&gtft^B 3 C 

Ci»6L i-f *>38«*— #>JI2 CteflT6Ht*tt<IMft 

[0 0 9 4] CCOSffi(COViT0 1 0 tC*t-&®ft$lB© 

b 3 cttnafcoDSiijiELtifeftftTa Dfrzm&ztn: 

2. 0 1 3©«fc-5lCfcKS3.F-f>iE&3Gfr<>:, S&gg^tl 

& *>©#'>&^ <=>. mirrssejfeswJ: o js^^tc^ 

-*>I2Cl:ffifT5. 

[0095] @ii ©fiaeoiMM*^ 3 dthl 

i <:j->!^ttlT*liafctta©^Jtt**^fc*»tffl' 
3ECJ;-3TSMian, #-#>B2 CiC^KT^^< 
fcD, *«ll*)WSTl/Tl/*5. S*ftc*-#>B2 
ca»&«-&SMfc*JB3Cfc:L i -f *>*»#Ar*Rf"bn 

[0 0 9 6] dO^'StC^BJCL i tUn^tsW.-^ 

mitmm3c^mmvtz i J^^A2^.mm\t, l i©# 

[0 0 9 7] C&ttiftl 9] IOB«l tPMSIfcLTWft 

OHiJSto 0<fc 0 ASXSStt i.2g/cm'J:D 
fc±^< l. Sg/cm'iDfc/hS^lt. tH^l/ 
** % *> b ft. 

[0 0 9 8] SSfc, mft?fe(C*3ViT, iS^-lCC 
~5 0t©^ffl, tt*SflEa»3 0~8 0X©MHT, A 
*«Stt3 0 0~1 8 0 OW/k gOtefflfcfeD, ttJ73 
5 0 0-3 5 0 0W/kgO3lii:^fc. 
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[0 0 9 9] £jt, dOt«©9 6**iS5lJJcS«S;Lfc 

&W3 0~8 0%©&BT. A73^Ste2 0 0—13 0 
OW/k g©3SBK&D, ttl7J&«te3 6 0~2 5 2 0 
W/k g©*SBK*ofc.. 
[0100] CHlfStfiJ 1 0 ) #»J 1 Lit 

10 cte5~l 5 0AO(tBK*^TA*afflliaj**«tt 

&$?&#&£su ^m^fc^viT, ias^-i or- 
5 oroffiB, ;AtftffiKtf3 o~8 o%©ggBT, 

&m\Z 1 0 0 0- 1 8 0 OW/k g<Z>SEffltC&9. w^; 
&gte2 5 0 0~3 5 0 0W/k gOlliCiof:, 

[0 10 1] ^Otf60 9 6*£B0iJfcasSlELfc 

JttMlil©*^ JMEA«- 1 0^-5 0tO(6I. Jfcttgg 
gtf3 0~8 0%©$&BT\ A7J&&tt8 0 0~ 1 3 0 

OW/k gWflgBlC&D, £B7jSBMte2 0 0 0-252 

0 W/k g©$gBfC£o£:<, 
20 [0 1 0 2] 

[Run©**] #RWfcJ:ntt. 5 ot;©s;iaT-e*% 

2 d«!:J&«Tr*;fc. $Jfc. #f£HJl©L i fcM 

n zstsm&mimzQim u/t'j ?^a 2 ^*»ttftiKf 
©as»fc*nsuT, tan?* 

[0®©f8¥&iaBj] 

[01] JfcSMIW'J^A— 3Ml»©L I/MnJfclC# 
30 5, 

[02] ^Bjwu^^Azi^ejfirajEas^KoftT 

[0 3] *«W©U^£A^**ffl;©jEflH§4M*© (4 

0 0) fc!— ^©^MMIi-tM' ^JU#^<h©H^$r^-r^ 
77t$i5. 

[04] *«w©u.5 l ^Az:^fltjfi©jEaiS*K©z:3*c 

40 [0 5] *«W©U5 1 '>An**ifi©iEttS*K© s Pl% 

^$St^77T^5. 
[0 6] *%W©U^'7Az:*«?ife©A®SS^"ri> 
-y--f^;i>##, A^S5:tt^*<i:©H^SrSr^-r^77T 

[0 7] u a -#a&©iM ?;!/&£;&«§*£© 

Si$St^57T*5. 
[0 8] *%BJ©U5 lr 7A-^m?lfe©^*f®0 _ e& 

*. 

50 [H9]'«fflbfcjEatA«i:©W«*KWrsatSCfl 
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WMT'$>2>, 

[HI 0] flWLfc*&»fcft»©««a*£ST«K 

[011] f^®tt£Kft:«ifl0£Aira&^T«3& 

S!0Ta&-5. 

[012] tt£^4M®l£*il^&CT?*£ft&H'r 
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[014] rWSiloy^A^fcftOftlftftSROftff 

[W^oittsj] . 

4-«jd!te, e-iEasBH 1 , 7 —ft 
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